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Abstract. By the means of cointegrated VAR we investigated the money demand behaviour of 
households. Using the traditional determinants and adding variables specific for the sector we suc-
ceeded to obtain a relevant description of what influences individuals’ money holdings, gradually 
increasing the number of variables but also restricting on the irrelevant ones. 
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1. Introduction

This study is a continuation of previous research concerning household money holdings. 
The reason why sectoral money holdings are worthy to be analysed is the information gain, 
a greater depth into the understanding of economic influences, reasons and behaviour. Par-
ticularities attached to different money holding sectors identified through sectoral analysis 
allow better knowledge of the economic mechanism and influences and the way they are 
perceived by the money holders. The most widely used econometric method for estimating 
money demand is the cointegrated VAR1, its framework allowing both long and short run 
analysis as well as conditioning and restricting on account of economic information. 

Compared to the previous research, in this paper we use net income as a determinant 
factor both in the cointegrating framework and in the simultaneous equation approach. Be-

1 VAR – Vectors Auto Regressive 
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sides the traditional determinants of money demand we also introduce measures of risk and 
uncertainty as well as specific factors. The questions we try to answers are whether household 
money demand can be estimated in a sound manner by the means of cointegrated VAR, what 
factors can be added to the traditional determinants of money demand, what influences 
money demand evolution and which are the particularities of Romanian household money 
demand, especially in the current economic context. We also try to indentify the informa-
tion gain of adding another cointegration analysis, the one of consumption, to the money 
demand framework. 

The paper is structured into this introduction, literature review, the empirical investi-
gation with some theoretical aspects concerning the cointegrated VAR procedure and the 
conclusions.

2. Literature Review

Seitz and Landesberger (2010) analyse household money demand behaviour by comparing 
four models with different specifications; they include as variables monetary aggregates both 
in real and nominal terms and use both a log and a semi-log specification with respect to the 
various interest rate options, as well as a measure of uncertainty estimated following Greiber 
and Lemke (2005). The latter two authors succeed in showing that the uncertainty measure 
constructed by using financial market data and business and consumer survey evidence, 
helps explaining monetary developments both in the euro area and US. In a previous study, 
Landesberger (2007) demonstrated the different behaviour of money holding sectors when 
the same set of explanatory variables was used. 

Starting from the consumer’s utility function, Atta-Mensah (2004) includes in the Cana-
dian money demand equation a measure of uncertainty derived through conditional variance. 
Choi and Oh (2003) use the same method for estimating uncertainty but also introduce a 
measure of financial innovation in the money demand equation. Also, Pétursson (2000) 
starts from the utility function in estimating household money demand. Lippi and Secchi 
(2009) show the manner in which money holdings are influenced by the technology used for 
money withdrawal. Starting with the same type of models, Tin (2008) shows the importance 
of income variability for precautionary money holdings.

The most common way of estimating money demand is through cointegrated VAR. Results 
are sometimes supported by SUR2 or FM-OLS (Seitz and Landesberger 2010; Landesberger 
2007). A system approach is implemented by Chrystal and Mizen (2001, 2005) who connect 
money and consumption to a lending equation – also by cointegrated VAR – proving their 
interactive evolution, the informative content of lending for both monetary developments 
and consumption. Thomas (1997) shows the shock absorbing capacity of money holdings 
as a result of unanticipated movements in income and spending. He also includes a measure 
of wealth in the system specification. 

The inclusion of wealth in the cointegrating vector is also adopted by Seitz and Landes-
berger (2010), Chrystal and Mizen (2001) and also Beyer (2009). Jain and Moon (1994) 

2 SUR – Seemingly Unrelated Regression 
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estimate household money demand for both households and non-financial corporations 
(time period: 1960–1990), showing, with the help of cointegration analysis, significant dif-
ferences between the two sectors, a long-term relation being identified only for households 
sector. Drake and Chrystal (1997) apply nonparametric techniques for investigating house-
holds’ money demand. They develop their analysis on Divisia aggregate, an alternative to 
the traditional summing of aggregates’ components, on data corresponding to the UK. A 
more descriptive approach to analyzing sectoral money demand is presented in articles in 
the European Central Bank Monthly Bulletin3.

3. Analysing Households Money Demand – Cointegrated VAR Approach

The theoretical model of money demand most often used has the form Md = f(P,Y,OC), where 
Md is nominal money demand, P represents the price level, Y a measure of real income (can 
as well be final consumption as derived from the utility function) and OC an opportunity 
cost variable.

The variables we used in the analysis are household M2 money holdings4, nominal wage – 
variable significant for transaction money demand – unemployment, interest rate differential 
(calculated as a difference between the yield of long-term government bonds and deposits 
rate considered as the own rate of M2) and consumption deflator, also as opportunity cost. 
As identified in the previous exploratory analyses, individuals choose their money holdings 
also on account of factors such as uncertainty and risk. Therefore, in this analysis a measure 
of risk depicted by consumers’ confidence indicator and a measure of uncertainty derived 
as in a previous study by the means of averaging conditional variance derived from GARCH 
models are included. 

We adopted the uncertainty measurement implemented by Atta-Mensah (2004) and 
adapted it to what we considered as a greater relevance for the Romanian context and indi-
viduals’ behaviour. Moreover, an equation for consumption was added to this money demand 
equation. We adopted a semi-log specification in all the investigations, variables entering the 
equations in logarithms with the exception of interest rate differential, unemployment and 
consumer confidence. 

As money demand is usually assumed to be homogenous in the price level, of degree 
one, this hypothesis was tested so that real money demand could be investigated. Therefore, 
M2 was deflated by consumption deflator (as all were variables expressed in real terms) and 
household money holdings were extended backwards until 2000. 

When series are non-stationary, the only way of avoiding the problems related to spuri-
ous regression is analysing them through cointegration. Moreover, not only the estimators 
obtained by the means of cointegration are not affected by the false relation problem induced 

3 Money Demand and Uncertainty, ECB Monthly Bulletin, October 2005, 57–73 and Sectoral money holding: deter-
minants and recent developments, ECB Monthly Bulletin August 2006, 59–72.

4 As sectoral data are available only starting from December 2004, the data was estimated backwards by taking into 
account households’ holdings of currency (from the national financial accounts) and keeping all other holdings 
proportional with the share they had in December 2004.
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by the trend existent in their evolution, but they have the property of being superconsistent 
(converge to their true value more rapidly, I(1) variables under these circumstances being 
asymptotically better than I(0) variables) (Harris 1995).

Testing long-run price homogeneity

We first estimated a cointegration equation on nominal M2, having as determinants only 
the traditional influences with the goal of testing price homogeneity, a hypothesis usually 
assumed. The traditional parsimonious equation of money demand encompassing only 
income and opportunity cost validates the long-run price homogeneity hypothesis, as the 
LR test shows (see Table 1).

Table 1. Testing price homogeneity

Cointegration Restrictions: 
B(1,1) = 1, B(1,3) = –1
Convergence achieved after 7 iterations.
Restrictions identify all cointegrating vectors
LR test for binding restrictions (rank = 1): 
Chi-square(1)  0.014310
Probability  0.904782

Cointegrating Eq:  CointEq1

LM2NSA(–1)  1.00
LWAGEDEFL(–1) –0.84

 (0.12)
[–7.16]

LOG(DEFLSA(–1)) –1.00
I(–1)  0.0099

 (0.002)
[ 4.97]

@TREND(00Q1) –0.024
C –3.28

Therefore, the extended M2 equation can be estimated in real terms. 

Estimating the households’ money demand by the means of cointegrated VAR

The additional variables added to the previous model are unemployment and consumer 
confidence indicator, while in the short run equation a measure of uncertainty is in-
cluded. Uncertainty was determined by averaging the standardised conditional volatility5 
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of GDP, exchange rate and Robor3M rate, as we considered them to 

be the most relevant for extracting individuals’ uncertainty (estimation results are presented 
in Appendix 2). 
5 Atta-Mensah (2004) used in building the uncertainty measure of the conditional volatility of a stock market index, 

long-term interest rate, 90-day commercial paper rate, exchange rate between Canada and US and real GDP.
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The cointegrating VAR framework is very sensitive to specification errors. As most tests 
rely on normality, lack of autocorrelation, the system specification needs to be improved by 
correcting and accounting for intervention dummies, blip dummies, shift dummies. A thor-
ough inspection of the data series in levels and first difference offers some necessary pieces 
of information for improving the VAR framework specification. As starting with September 
2008 most variables registered a shift in their evolution, a shift dummy for the investigation 
interval is necessary. Whether this episode is transitory and the future evolution of the se-
ries will indicate this feature, which we consider to happen, it does not matter for the time 
span under analysis as the shift is visible and persistent. Moreover, some of the investigated 
series behave as I(2) variables when considering the whole sample 2000–2010, due to the 
recent developments, but as this evolution is not necessarily a quadratic trend, but more of 
a temporary correction we considered it was better to assume them I(1) – as they are when 
investigated for the interval up to 2008 Q2 (see appendix 1) – and control with the help of a 
shift dummy the change in their evolution. Moreover, the existence of a structural break in 
the data series distorts the results of the ADF test, being preferable to account by the means 
of an external factor for these changes. Explaining what provoked these developments can 
be more productive than considering a quadratic trend (Juselius 2006).

The first step in the cointegrating VAR methodology, is the estimation of an unrestricted 
VAR

 
. (1)

Errors are assumed to be NI(0,Ω), Πi and Φ matrices of coefficients and D is a vector of 
determinist variables (including constants and deterministic trends), and xt is a vector of 
exogenous variables. Under this framework, the best lag length is determined, so as to ensure 
Gaussian errors. Even though it is usually better to choose a less parsimonious specification 
(as cointegration rank tests are robust under over-parametrisation), when it comes to the 
selected number of lags, given the short sample, a high number of variables and therefore the 
computational problems we chose the lag length indicated by the Schwartz and LR criteria (see 
Table 2). Another argument in supporting this decision is the fact that if the remaining auto-
correlation is due to omitted factors, a higher rank would only lead to over-parametrisation 
and distorted economical interpretation of results. 

The second step in the analysis is reformulating the UVAR into a VECM:

 
 (2)

and testing the rank of , where Π1 = αβ, α and β being pxr matrices. 
As errors need to be stationary, 1 1ty −Π  should also be a stationary combination. 
Rank determination is done through a likelihood based procedure which is able to 

identify the large enough eigenvalues λi which correspond to stationary β’yt-1. The number 
of cointegration equations is therefore determined by the use of trace test and maximum 
eigenvalue test. The LR test also called the trace test or the Johansen (1991) test, calculated as 

 , (3)
where Hp: rank = p(full rank) 
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Table 2. Lag length determination

VAR Lag Order Selection Criteria
Endogenous variables: LM2DEFL LWAGEDEFL I UNEMPLOYMENT  
DDEFL CONS_CONF 
Exogenous variables: C DUMM08 UNCERTANTY 
Sample: 2000Q1 2010Q3
Included observations: 34

Lag LogL LR FPE AIC SC HQ
0 –92.91 NA   2.75e-05  6.52  7.33  6.80
1  97.17  279.55*  3.43e-09 –2.53  –0.11* –1.71
2  137.98  45.60  3.54e-09 –2.82  1.21 –1.44
3  199.86  47.31  1.81e-09*  –4.34*  1.31  –2.41*

 * indicates lag order selected by the criterion
 LR: sequential modified LR test statistic (each test at 5% level)
 FPE: Final prediction error
 AIC: Akaike information criterion
 SC: Schwarz information criterion
 HQ: Hannan-Quinn information criterion

Hr: rank = r < p is very sensitive in small samples, having a low power, therefore the re-
sults need to be validated from the point of view of economic interpretation and validity. The 
asymptotic distribution of the test depends on the cointegrating VAR specification regarding 
the inclusion of constant and trend.

The other statistical measure, the maximum eigenvalue completes the trace statistic, by 
testing the hypothesis of r cointegrating relations against the alternative of r + 16. 

 . (4)

Restricting the VECM is done in accordance with economic theory, these hypotheses 
being tested by the likelihood ratio statistics. As the restrictions in the VECM framework 
can be put both on α and β and their validity tested, we analysed whether unit elasticity with 
respect to wage can be assumed.

At this leg length (1), a specification with trend both in the cointegration equation and 
in the VAR is suggested. This is not surprising the series’ evolution after the default of Leh-
man Brothers. For controlling of the period starting with 2008Q3 reason the shift dummy 
dumm08 is included as exogenous in the cointegrated VAR specification. At the same time, 
the inclusion of a deterministic trend in both the cointegrating and short-run adjustment 
systems is justified by the M2, wage and unemployment series. When analysed up to 2008, 
the series behaves as I(1) under the trend inclusion assumption in the ADF test. Therefore, 
a deterministic trend is present in the data. For economic interpretability, we restricted the 
cointegrating rank to 1.

Estimation offers somewhat economically sound results (see Table 3). The estimated 
cointegration equation allows the possibility of restricting the coefficient of real wage to 1; 
therefore, the unit elasticity of household money holdings to wage can be considered further on. 

6 As mentioned in Harris (1995) it is not uncommon that the two statistics offer different results, especially in the case 
of small samples. Anyway, between the two the trace statistics is more robust to residuals’ lack of normality. 
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Unemployment evolution seems to be a determinant of money holdings, which can only 
be interpreted in terms of increasing precautionary demand for money. Surprisingly, con-
sumer confidence does not seem to be very relevant for households’ behaviour, very small 
coefficient and a sign change after imposing the restriction on wages. 

The interest rate differential was validated as an opportunity cost, but a different thing 
happened with quarterly inflation measured through the consumption deflator. It seems that 
periods of high inflation do not have the effect of dragging individuals out of the money 
holdings. This coefficient could perhaps be also attached to the period of high inflation and 
increase in monetary aggregates or it might be explained partly also by the differences in 
computation between the consumption deflator and inflation. 

Table 3. Household money demand

Vector Error Correction Estimates
Sample (adjusted): 2001Q4 2010Q2
Included observations: 35 after adjustments
Standard errors in ( ) & t-statistics in [ ]

Cointegration Restrictions: 
B(1,1) = 1, B(1,2) = –1
Convergence achieved after 168 iterations.
Restrictions identify all cointegrating
Vectors
LR test for binding restrictions 
(rank = 1):
Chi-square(1)
Probability

2.69
0.10

Cointegrating Eq:  CointEq1 Cointegrating Eq: CointEq1
LM2DEFL(–1)
LWAGEDEFL(–1)

I(–1)

UNEMPLOYMENT (–1)

DDEFL(-1)

CONS_CONF(–1)

@TREND(00Q1)

C

1.00
–1.28
(0.12)
[–10.35]
0.012
(0.002)
[5.62]
–0.019
(0.004)
[–4.34]
–1.85
(0.38)
[–4.82]
0.0007
(0.001)
[ 0.67]
–0.025
(0.003)
[–8.99]
3.73

LM2DEFL(–1)
LWAGEDEFL(–1)
I(–1)

UNEMPLOYMENT(–1)

DDEFL(–1)

CONS_CONF(–1)

@TREND(00Q1)

C

1.00
–1.00
0.009
[ 5.85]

–0.02
(0.004)
[–4.56]

–1.48
(0.38)
[–3.94]
–0.002
 (0.0008)
[–2.71]

–0.029
 (0.001)
[–19.95]
–0.52

The obtained cointegration equation even though acceptably adequate from the perspec-
tive of residual tests (normally skewed, no signs of autocorrelation nor of heteroskedasticity), 
can be improved by adding another cointegrating equation, the one for consumption. 

Therefore, we repeated the whole procedure previously described and restricted for a rank 
of 2 (trace and eigenvalue tests suggested a number of 3 cointegating equations). 



 389Technological and Economic Development of Economy, 2011, 17(2): 382–396

Re-estimating the cointegrated var system leads to the results presented in Table 4 (re-
strictions imposed and no signs of rejection): 

Table 4. Household money demand and consumption

Vector Error Correction Estimates
 Sample (adjusted): 2001Q4 2010Q2
 Included observations: 35 after adjustments
 Standard errors in ( ) & t-statistics in [ ]
Cointegration Restrictions:
B(1,1) = 1, B(1,2) = 0, B(1,3) = –1, B(2,1) = 
0,B(2,2) = 1, B(2,4) = 0
A(1,2) = 0, A(2,1) = 0
Convergence achieved after 227 iterations.
Restrictions identify all cointegrating vectors
LR test for binding restrictions (rank = 2):
Chi-square(4)
Probability

2.064692
0.723861

Cointegrating Eq: CointEq1 CointEq2
LM2DEFL(–1)
LCONS(–1)
LWAGEDEFL(–1)

 1.00
0.00
–1.00

 0.00
1.00
–0.57
(0.07)
[–7.76]

I(–1) 0.0079
(0.001)
[ 5.84]

0.00

UNEMPLOYMENT (–1) –0.016
(0.006)
[–2.74]

0.003
(0.005)
[ 0.57]

DDEFL(–1) –3.54
(0.50)
[–7.09]

 1.16
(0.44)
[ 2.65]

CONS_CONF(–1) –0.003
(0.001)

 0.0016
(0.001)

@TREND(00Q1) [–2.97] [ 1.44]
C –0.026

–0.61
–0.004
–1.31

The equation for consuwmption has the ability of making the households money demand 
behaviour clearer. The unemployment measure, previously positively correlated to money 
demand has the opposite impact on consumption, being a hint to the formerly stated pre-
cautionary reason. Furthermore, including consumption leads to a better fit of short term 
movements (measured by the increase in adjusted R-square, a lower standard error and better 
AIC and SIC information criteria values). 
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The short-term evolution draws its importance from money holders’ behaviour that are 
considered to establish certain targets and thresholds regarding the quantity of money they 
hold and who will react for adjusting their holdings when one of the self imposed limits is 
hit (Smith 1986).

The impulse response analysis (Fig. 1) shows that a shock in unemployment will in 
the long run also have a downward impact on money demand. The effect is opposite for 
consumption. The biggest downward impact on consumption happens in the first quarters 
after the shock has taken place. On the other hand, a shock in consumer confidence has the 
maximum positive impact at 2–3 quarters after the shock happened. 

The measure of uncertainty which we have computed following Atta-Mensah (2004) did 
not prove relevant for the short term movements. Still, the coefficients are in accordance with 
expectations, positive impact on M2 money holdings on account of increasing precautionary 
demand in times of uncertainty and a negative impact for consumption. Given the narrow 
portfolio options, a small impact from uncertainty on money demand is acceptable – especially 
as we analysed the behaviour of M2 money holding which comprise both transaction and 
precautionary money demand. Therefore, the change in structure is not visible; an increase 
in precautionary money demand being accompanied by a decrease in transaction holdings; 
therefore, there is a shift inside the M2 which the analysis cannot reveal. But, to a certain 
extent, this is revealed by the consumption equation.

There are still some specification problems (residual tests presented in the appendix 3). 
The multiple normality hypothesis is rejected due to kurtosis values. Anyway, VAR specifica-
tions are more sensitive to deviations from normality due to skewness rather than to kurtosis 
(Juselius 2006). Neither signs of residual correlation are left, nor of heteroskedasticity. 

Results of the VECM estimation are enforced by estimating the system of short run in-
fluences by seemingly unrelated regression7 (see appendix 4). Moreover, results of the SUR 

7  SUR allows estimating the equations of the system by accounting for the residuals’ correlation (coming from dif-
ferent common influences and perceived shocks). 

Fig. 1. Impulse responses
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estimation provide similar coefficient values, under better model specification. Results point 
to a relatively low speed of adjustment –0.10 in the VECM framework and –0.12 in the SUR 
estimation; therefore, an adjustment happens in about 8 to 10 quarters. A low speed of adjust-
ment is nevertheless typical for studies regarding money demand (Seitz, Landesberger 2010). 

4. Conclusions 

Even though facing the problem of a small sample and of significant structural break, the 
estimated cointegrated VAR offers some insight into the mechanism of household money 
demand. Besides the traditional factors, (income and opportunity cost) we introduced 
unemployment as decision important variable and measures of risk and uncertainty which 
did not prove to be as significant as expected. Because M2 also includes the precautionary 
component of money holding, we considered the introduction of a consumption function 
which helped in making the mechanism even clearer appropriate. 

Therefore, the whole mechanism could be synthesized as follows: households’ money hold-
ings are (i) directly influenced by the level of income (a unit coefficient being validated); (ii) 
inversely by the opportunity cost measured by the interest rate differential but not registering 
a similar response to variations in the consumption deflator, (iii) has a positive response to 
unemployment – which gradually turns negative – due to the precautionary component (fact 
enforced by the negative reaction of households’ consumption to unemployment evolution 
suggesting the repositioning from transactions holdings to precautionary); (iv) uncertainty 
has no influence on the short run, but consumer confidence in the long-run equation has 
the ability of positively influencing money holdings. 

The estimated cointegrated VAR is acceptably adequate except for the errors’ kurtosis, 
but after restricting and re-estimating the short run component this problem is no longer 
present in the SUR estimation. Moreover, the short-run adjustment is slowly producing. 
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Appendix 2. GARCH estimation of uncertainty components
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D(I)  Constant –7.22 0.00 

UNEMPLOYMENT 
Constant, Linear 
Trend –2.98 0.16 
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D(CONS_CONF)  Constant –4.45 0.00 
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PINIGŲ POREIKIO RUMUNIJOS NAMŲ ŪKIUOSE TYRIMAS NAUDOJANT  
KOINTEGRUOTUS AUTOREGRESINIUS VEKTORIUS 

G. Ruxanda, A. Muraru

Santrauka. Autoriai, naudodami kointegruotus autoregresinius vektorius, tyrė pinigų poreikio pokyčius 
namų ūkiuose. Tyrimuose buvo naudojami tiek tradiciniai, tiek šiam sektoriui būdingi veiksniai. Nustatyti 
veiksniai, kurie turi didžiausią įtaką namų ūkiams, taip pat identifikuoti nereikšmingi.

Reikšminiai žodžiai: kointegruoti autoregresiniai vektoriai, pinigų poreikis namų ūkiuose, atvirkštinė 
priklausomybė.

Gheorghe RUXANDA. PhD in Economic Cybernetics, is Full Professor and PhD Adviser within the 
Department of Economic Cybernetics, The Bucharest Academy of Economic Studies. He graduated from 
the Faculty of Economic Cybernetics, Statistics and Informatics, Academy of Economic Studies, Bucharest 
(1975) where he also earned his Doctor’s Degree (1994). Had numerous research visits in Columbia Uni-
versity – School of Business, New York, USA (1999), Southern Methodist University (SMU), Faculty of 
Computer Science and Engineering, Dallas, Texas, USA (1999), Ecole Normale Superieure, Paris, France 
(2000), Reading University, England (2002), North Carolina University, Chapel Hill, USA (2002). He is 
full professor of Multidimensional Data Analysis (Doctoral School), Multidimensional Data Analysis 
(Master Studies), Modeling and Neural Calculation (Master Studies). Fields of Scientific Competence: 
evaluation, measurement, quantification, analysis and prediction in the economic field; econometrics 
and statistical-mathematical modeling in the economic–financial field; multidimensional statistics and 
multidimensional data analysis; pattern recognition and neural networks; risk analysis and uncertainty in 
economics; development of software instruments for economic-mathematical modeling. Scientific research 
activity: over 35 years of scientific research in both theory and practice of quantitative economy and in 
coordinating research projects; 48 scientific papers presented at national and international scientific ses-
sions and symposia; 64 scientific research projects with national and international financing; 69 scientific 
papers published in prestigious national and international journals in the field of economic cybernetics, 
econometrics, multidimensional data analysis, microeconomics, scientific informatics, out of which seven 
papers being published in ISI – Thompson Reuters journals; 15 manuals and university courses in the field 
of econometrics, multidimensional data analysis, microeconomics, scientific informatics; 31 studies of 
national public interest developed within the scientific research projects.

Andreea MURARU is PhD candidate in Economic Cybernetics at the Bucharest Academy of Economic 
Studies, has an MA degree in Finance (2007), graduated the Faculty of Economics, Babeş-Bolyai University 
in Cluj-Napoca, majoring Statistics (2005) and was ERASMUS-SOCRATES Student of Aristotle University, 
Thessaloniki. Fields of Scientific Interest: econometrics and macroeconometrics, macroeconomic modeling, 
multidimensional time series analysis with a focus on cointegrated VAR. Scientific research activity: involve-
ment in one research project with national financing; participant in national and international conferences 
and symposia; seven published papers out of which two articles being published in ISI – Thompson Reuters 
journals. 

End of Table 2


